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Introduction

R Mars Formulatior? Small Spacecraft Studies
€

w Access to Mars is historically an expensive endeavor
¢ Customdesigned, highlyeliable spacecraft and hardware
¢ Large dedicated launch vehicle
w Recent developments in the commercial satellite and launch
Industries have led to many innovations
¢ Satellites smaller, lower cost, higher production rates
¢ Launch costs down with increased usdaddsharing
w Is it possible to enable frequent, la@st access to Mars?
¢ In 2018MarCOwas launched as firstibesatideshare to Mars

w Not all rideshares are equally suitable
¢ Various starting points
¢ Propulsion strategies needed
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InterplanetarySmallSaRevolution

Mars Formulationz Small Spacecraft Studies

wLy wHamyX b! {1 Qa {OAS
announced a majamallsatnitiative, including
ESPA rings on all future launches
¢ Small Satellite Coordination Group (SSCG)
¢ Small Spacecraft Systems Virtual Institute (S3VI)
¢ CubeSat Launch Initiative (CSLI)

w Last June NASA selected 3 missions from the
Small Innovative Missions for Planetary
Exploration SIMPLBExprogram

Lunar Trailblazer
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Rideshare Starting Points
R

w Earth Escapethis could include any launch that
Saol LSa 9FNILIKQa 3INI@gAGes
will only include those that barely escape (or
remain loosely bound like Sirarth Lagrange
points) and those that are conducive to Mars
arrival or flyby.

w Lunar Transfer Orbit (LTQAlso called trantunar
injection (TLI). There are many types of lunar
transfers, but for this paper we will use a
simplistic 200 x 384,000 km orbit. This could al
include transfers to EarthMoon Lagrange points.

w Geosynchronous Transfer Orbit (GT@liptical
orbit of 200 x 35,786 km, usually inclined at.27
This is the typical separation point for
geostationary (GEO) satellites.
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w Low Earth Orbit (LEQ}ypically includes circular
orbits of 300- 800 km, at various inclinations.
The most common is stsynchronous at ~97
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BallistighnV Requirements

Mars Formulationz Small Spacecraft Studies
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10 / o™ LEO GTO LTO Escap¢C3=1t 2-sol Areo*

GTO 25 -

LTO 32 0.7 -

Escape 3.3 0.8 0.1 -

C3=15 39 15 0.8 0.7* -

2sol 5 25 18 17 1 -
Areo* 58 33 26 25 18 08 -
LMO 65 4 33 32 25 13 25

*Areostationary orbit requires multiple burns to achieve

**Escape to C3=15 must be done near Earth.
Performed after escape it would require ~4 km/s
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LowThrustpnV Requirements

B Mars Formulatior? Small Spacecraft Studies
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To /' From

*An elliptical spiral from GTO to Escape wc
**Interplanetary transfer is h 1t on thrust and duration
AV to 3 - 5 km/s
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Launch Accommodations

. Mars Formulatior? Small Spacecraft Studies
€

w ESPA Rings
¢ Standard: 450 kg
¢ Grande: 700 kg

w SpaceX Rideshare
w Artemis Missions
w Unique opportunities
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